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Description

[0001] The present invention refers to a method ac-
cording to the preamble of claim and a device according
to the preamble of claim for robot-aided laser welding,
namely for welding metal sheet structures, for instance
structures constituting assemblies or subassemblies of
motor-vehicle bodies or frames, or structures not related
to the automotive field.

[0002] Long ago the Applicant proposed (see for in-
stance European patents no. EP 0 440 001 B1 and no.
EP 0440 002 B1 related to the so-called "LASERGATE"
system) devices for laser welding of motor-vehicle struc-
tures. The use of laser welding for such applications,
however, has not spread much straightly after its first
proposal at the beginning of the '90s. This is mainly due
to the fact that tests made with the first embodiments of
laser welding devices have shown the presence of sev-
eral problems related to such technology.

[0003] A first relevant problem is a result of the wide
use in the automotive field of metal sheets provided with
an outer zinc-plated protection layer. Said layer gives
rise to the generation of zinc vapors during laser welding,
which often jeopardize a good quality welding.

[0004] Such problem has been dealt with and dis-
closed in detail in European patent applications no. EP
1238 748 A1 and no. EP 1 236 535 A1 belonging to the
same Applicant, which relate to devices that can over-
come in a simple and efficient manner the aforesaid tech-
nical hindrance, ensuring outlets for zinc vapors gener-
ated during the welding process. Another solution to the
problem of zinc vapors has also been suggested in the
Italian patent application TO2002A000760 belonging to
the Applicant.

[0005] Some time had to lapse, however, before the
aforesaid technical problem was acknowledged, studied
and solved completely, which explains at least partly the
long period in which the use of laser welding was still in
progress in the automotive field.

[0006] Another relevant problem to be kept into ac-
count in the application of laser welding for assembling
motor-vehicle structures is related to the need for a high
assembly quality with short manufacturing times. An as-
sembly station for a motor-vehicle body or for a sub-
assembly thereof typically comprises a plurality of locat-
ing and blocking systems ensuring the correct position
of the metal sheet elements of the structure during weld-
ing. There is obviously a minimum threshold for the
number of blocking systems that can be arranged to said
purposes, below which the structure geometry is not con-
veniently ensured, thus resulting in a low-quality assem-
bly operation. This gives rise to a relatively "crowded"
welding station, full of blocking systems with their control
devices for switching them from an open rest condition
to a closed operating condition and vice versa. More to
the point, in case of flexible welding stations, i.e. stations
operating on several types or models or versions of struc-
ture to be welded, the welding station is also equipped
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with guiding and controlling means for several structures
supporting the blocking systems, rapidly interchangeable
depending on the type of body or subassembly each time
getting into the welding station. The subsequent relative
complexity of the architecture of the welding station and
of its parts obviously complicates the job of handling ro-
bots used for bringing welding means (electric welding
guns in conventional cases, laser heads for laser weld-
ing) close to the various areas of the structure to be weld-
ed.

[0007] Both in the case of traditional techniques with
electric welding guns and of laser welding, robots should
successively reach a series of areas of the structure to
be welded in order to carry out the welding operations
assigned to them. Therefore, after the structure to be
welded has reached the welding station, it should stay in
said station for a period at least long enough to enable
every robot to carry out all the operations assigned to it.
Obviously, the period spent in the welding station could
be reduced by increasing the number of robots, but here
again there is a threshold to this possibility due both to
economic reasons and to the fact that beyond a given
number of robots, each of them becomes a hindrance to
the operation of one or more robots adjacent to it.
[0008] On the other hand, the time used by each robot
to carry out all the welding operations assigned to it is
made up not only of the sum of the times required for the
various operations, but also of the time each time used
to reach the area to be welded, and such time can be
quite long especially when the robot has to follow a rel-
atively winding way, dodging any interference both with
parts of the structure to be welded and with the various
blocking systems engaged thereon.

[0009] On the other hand, it should be considered that
at the beginning of the use of laser for welding motor-
vehicle structures, available laser generators were rela-
tively less efficient and less powerful than those currently
available. With first generation laser generators it was
anyway necessary to ensure a relatively close position
of the laser head carried by the robot with respect to the
structure to be welded, so that from this point of view the
use of laser was not particularly advantageous with re-
spect to traditional electric spot welding. With currently
available laser systems, conversely, new promising so-
lutions open the way to a dramatic reduction of manu-
facturing costs.

[0010] The idea that underlies said evolution and that
has been the object of first tests made by the Application,
consists in handling the laser head with a robot, holding
itat a given distance from the structure to be welded, and
in arranging means enabling to orient the focusing direc-
tion of the laser beam, so as to shift the latter along the
structure to be welded in a direction and at a speed not
depending directly on the direction and speed with which
the robot shifts the laser head. This is obviously exploited
not only for moving the laser beam with respect to the
structure to be welded in a given area, in order to obtain
a weld seam, but also and especially for welding rapidly
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and efficiently various areas of the structure to be welded,
during the shift of the head carried by the robot.

[0011] A method for laser-welding and a device for la-
ser-welding according to the preamble of claim 1 and
claim 2 are known from EP 1 228 835 A1. Said known
system, however, applies to a "Cartesian" robot and not
to an "anthropomorphous" robot, and it is "added" to and
not integrated into the robot.

[0012] A similar solution, though implemented with a
device "integrated" into the robot structure, has further
been the object of the previous Italian patent filed. Said
solution, as the one disclosed in European patent appli-
cation EP 1228 835 A1 mentioned above, is nevertheless
quite complex, especially concerning the device for fo-
cusing and orienting the laser beam and its control
means.

[0013] The aim of the present invention is to carry out
a method and a device for laser welding that can exploit
the aforesaid basic idea in a simple and efficient manner,
characterized in particular by an extremely simple archi-
tecture and operation.

[0014] Accordingto the invention, said aim is achieved
by the method of claim 1 and/or by a device according
to claim 2.

[0015] Further advantageous characteristics of the in-
vention are listed in the dependent claims.

[0016] The possibility of holding the focusing head at
a distance from the piece to be welded enables a high
simplification of the trajectory of the head carried by the
robot during welding. During the welding step the laser
head "flies over" the piece to be welded at a distance,
while atthe same time the focused laser beam is oriented
so as to carry out the weld line in the various areas of
the piece.

[0017] As arule, the focusing head can be shifted with
respect to the structure to be welded at a speed higher
than the speed at which the laser beam should create a
weld bead. This means that, when welding every bead,
the focusing direction is varied so that the laser beam is
still directed to the seam in progress when the head has
already gone out of the area where said seam is created.
Thus, when the seam is completed, the laser head has
already gone farther, and therefore the welding of a new
seam can be started by varying abruptly the pointing di-
rection of the laser beam so as to bring the latter straight
into the area in which the new weld beam has to be start-
ed.

[0018] Still according to the invention, said result is
achieved with a device having an extremely simple ar-
chitecture, which is an accessory to be installed onto the
wrist of a multi-axis anthropomorphous robot and which
has a simplified structure since it has one axis for oscil-
lating the focusing direction of the laser beam. Said result
is achieved either arranging a support structure for the
focusing head, which is oscillated with respect to a base
frame, or arranging optical means (for instance an oscil-
lating mirror) for the oscillation of the focused beam.
[0019] Further characteristics and advantages of the
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invention will appear from the following description, made
with reference to the accompanying drawings, provided
by mere way of non-limiting example, in which:

- Figure 1 is a perspective view of a handling robot
equipped with a device according to the present in-
vention,

- Figure 2 is a schematic view showing the various
positions held by the device according to the inven-
tion during a welding process.

[0020] Infigure 1 number 1 globally refers to a handling
robot of any known type. The Applicant has been man-
ufacturing and marketing for a long time handling robots
of "anthropomorphous" type using a series of elements
turnably mounted or articulated one with respect to the
other according to a respective series of axes (typically
six). Each of said axes is associated to an electric control
motor. Electric motors are controlled by a control unit 2
connected to the robot. The unit 2 can control the electric
motors so as to shift spatially the articulated robot struc-
ture bringing the final end of the robot, or "wrist", to any
point in a spatial volume having given shape and size.
[0021] In the case of the invention, an accessory de-
vice 3 is mounted onto the robot wrist, which device in-
cludes a focusing head 4 for focusing into a welding spot
or area W a laser beam coming from a laser source (not
shown in the drawing) and guided through an optical fiber
bundle 5 to the device 3. In Figure 1 the optical fiber
bundle 5 is arranged outside the robot structure. Howev-
er, the optical fiber bundle can be placed at least partly
inside the robot structure, as envisaged and suggested
in previous patent applications belonging to the same
Applicant.

[0022] With reference to Figure 1, the device 3 has a
simplified structure including a base portion 6 designed
to be connected stiffly to the robot wrist, and a portion 7
containing the focusing head 4, which rests onto portion
6 oscillating around one axis 8. The base frame 6 is also
equipped with motors of any known type for controlling
the oscillation of the frame 7 carrying the focusing head
4 around axis 8. Said motors are controlled by a separate
control unit communicating with robot control unit 2 or
they can also be controlled by electronic means integrat-
ed into robot control unit 2, in order to ensure a control
of the device according to the requirements specified be-
low.

[0023] In Figure 1 number 9 globally refers to a struc-
ture to be welded, for instance a pair of pressed metal
sheets, designed to be joined one to the other along their
perimeter by applying a series of weld beads. An example
of such applications is the welding of the structure of a
motor-vehicle door. The invention can however be used
also outside the automotive field.

[0024] Figure 2 shows the various positions held by
the device 3 during a welding process in which a plurality
of weld beads 10 is carried out, which beads are lined
up and at a given longitudinal distance.
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[0025] During the process the robot 1 is controlled so
as to shift the device 3 along a trajectory L and with a
speed V which is as a rule higher than the speed at which
each weld bead 10 should be created. While the robot
shifts the device 3 along the rectilinear trajectory L at
speed V, the control device varies the direction of the
focused beam F so that the area W lighted by the beam
F shifts along the structure 9 at a speed V\y correspond-
ing to the speed at which the weld bead should be cre-
ated. This means that during the shift of the device 3
along the trajectory L (to the right with reference to Figure
2), the direction of the focused beam F is oscillated clock-
wise (still referring to Figure 2), so that the focused beam
F creates the weld bead 10AB, while the device 3 shifts
from position A to position B in Figure 2.

[0026] Once it has completed the weld bead 10AB, the
focused beam F is oscillated abruptly so as to be brought
on the initial end of the new bead 10CD, while the device
3 has reached position C. Said abrupt oscillation results
in that the piece area lighted by the beam F shifts at a
very high speed V,, from the final end of bead 10AB to
the initial end of bead 10CD. Again, the weld bead 10CD
is carried out with robot 1, which shifts the device 3 at a
speed V higher than the speed at which the lighted area
of the piece shifts along said piece so as to create the
bead 10CD. When the device 3 reaches position D, the
focused beam F has reached the final end of the seam
10CD and it is ready to oscillate abruptly to the initial
position of bead 10EG, corresponding to position E of
the device 3. Now a new weld bead 10EG is carried out
as described above. When the focused beam F comes
close to the final end of the bead 10EG, the device 3 is
in position G, whereas the focused beam is again rotated
clockwise from the direction it had in position B to the
direction it holds in position G.

[0027] As can be seen, the method and device de-
scribed above exploit the basic principle of remote laser
welding though greatly simplifying the structure for its
implementation thanks to the fact that the robot can be
of any type and to it is adapted the extremely simplified
focusing and pointing device, which has one control axis
8.

[0028] Obviously, the device 3 can comprise both
means enabling the oscillation around axis 8 of the struc-
ture carrying the focusing head 4, and alternatively opti-
cal means, for instance an oscillating mirror, enabling the
oscillation of the pointing direction of the focused beam
F without oscillating the corresponding support structure.
[0029] Obviously, though the basic idea of the inven-
tion remains the same, construction details and embod-
iments can widely vary with respect to what has been
described and shown by mere way of example, however
without leaving the framework of the present invention.

Claims

1. Method for laser welding of a structure consisting of
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metal sheet elements, in which:

- a multi-axis handling robot (1) is arranged, in-
cluding a plurality of electric motors controlling
the movement of elements of the robot around
said axes, together with a programmable elec-
tronic control unit (2) for programming said elec-
tric motors in order to shift a terminal element of
the robot in any position, with any orientation
and on any trajectory inside a given three-di-
mensional spatial volume,

- onto said terminal element of the handling robot
(1) is mounted an accessory device (3) for fo-
cusing a laser beam coming from a laser source,
said device being designed to orient the focused
laser beam (F), by oscillating it around one os-
cillation axis (8),

- said handling robot (1) is controlled so as to
shift the aforesaid accessory device (3) along a
given trajectory (L) close to, though not adjacent
to, various areas of the structure to be welded,
- while the aforesaid accessory device (3) is
shifted along said given trajectory (L), the direc-
tion of the focused laser beam (F) is varied by
means of said accessory device (3), in order to
shift the area (W) of the structure to be welded
that is lighted by the focused laser beam (B)
along a trajectory and/or at a speed not depend-
ing directly on the shifting trajectory and speed
of the aforesaid accessory device (3),

characterized in that:

- said accessory device (3) is designed to orient
the focused laser beam (F) by oscillating it
around one single oscillation axis (8),

- said handling robot (1) is controlled so as to
shift the aforesaid accessory device (3) along a
rectilinear trajectory (L) parallel to a direction
along which a number of welding beads (10) are
to be obtained and orthogonally to said single
oscillation axis (8),

- the aforesaid accessory device (3) is shifted
along said rectilinear trajectory at a speed (V)
which is higher than the speed at which each
weld bead (10) is to be created,

- while the robot shifts the accessory device (3)
along said rectilinear trajectory (L) at said speed
(V), the direction of the focused beam (F) is os-
cillated around said single oscillation axis (8) so
that the area (W) lighted by the beam (F) shifts
along the structure to be welded ata speed (V)
corresponding to the speed at which aweld bead
is to be created,

- once a weld bead (10) has been completed,
the device has already gone farther, to a position
(B) between the completed weld bead and the
new bead to be made, and the focused beam
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(F) is oscillated abruptly so as to be brought on
the initial end of a new bead to be made, so that
the area of the structure lighted by the beam (F)
shifts at a very high speed (V\)) from the final
end of the previous bead (10AB) to the initial
end of the new bead (10CD) to be made, while
said device, shifting at said higher speed, has
reached a position (C) which is still between the
completed weld bead and the new bead to be
made.

2. Device for laser welding of a structure consisting of

metal sheet elements, comprising:

- a multi-axis handling robot (1) including a plu-
rality of electric motors controlling the movement
of elements of the robot around said axes, and
a programmable electronic control unit (2) for
controlling said electric motors in order to shift
a terminal element of the robot (1) in any posi-
tion, with any orientation and on any trajectory
inside a given three-dimensional spatial volume,
- in which onto said terminal element of the robot
is mounted an accessory device (3) for focusing
a laser beam (F) coming from a laser source,
said device being designed to orient the focused
laser beam (F) by rotating it around one oscilla-
tion axis (8), said accessory device (3) further
comprising means for controlling said oscilla-
tion, which are controlled by electronic control
means,

- in which said control unit is programmed so as
to shift the aforesaid accessory device (3) along
a given trajectory close to, though not adjacent
to, various areas of the structure to be welded,
- said robot control unit and said electronic con-
trol means for directing the orientation of the fo-
cused laser beam (F) being programmed so as
to vary the pointing direction of the focused
beam (F), while the aforesaid accessory device
(3) is shifted by the robot along said given tra-
jectory, in order to shift the area (W) of the struc-
ture to be welded that is lighted by the focused
laser beam (B) with a speed and/or a trajectory
not depending directly on the shifting speed and
trajectory of the accessory device (3),

characterized in that:

- said accessory device (3) is designed to orient
the focused laser beam (F) by oscillating it
around one single oscillation axis (8),

- said robot control unit is programmed so as to
shift the aforesaid accessory device (3) along a
rectilinear trajectory (L) parallel to a direction
along which a number of welding beads (10) are
to be obtained and orthogonally to said single
oscillation axis (8),
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- the robot control unit is programmed so as to
shift the aforesaid accessory device (3) along
said rectilinear trajectory at a speed (V) which
is higherthan the speed at which each weld bead
(10) is to be created said electronic control
means are programmed so that while the robot
shifts the accessory device (3) along said recti-
linear trajectory (L) at said speed (V), the direc-
tion of the focused beam (F) is oscillated around
said single oscillation axis (8) so that the area
(W) lighted by the beam (F) shifts along the
structure to be welded at a speed (V) corre-
sponding to the speed at which a weld bead is
to be created,

- said electronic control means are programmed
so that once a weld bead (10) has been com-
pleted, the device has already gone farther, to
a position (B) between the completed weld bead
and the new bead to be made, and the focused
beam (F) is oscillated abruptly so as to be
brought on the initial end of a new bead to be
made, so that the area of the structure lighted
by the beam (F) shifts at a very high speed (V)
from the final end of the previous bead (10AB)
to the initial end of the new bead (10CD) to be
made, while said device, shifting at said higher
speed, has reached a position (C) which is still
between the completed weld bead and the new
bead to be made.

Device according to claim 2, characterized in that
said accessory device (3) comprises a base portion
(6) stiffly connected to a robot wrist, and a frame (7)
resting in an oscillating way onto said base portion
(6) around said one oscillation axis (8), motors being
provided for controlling said oscillation.

Device according to claim 3, characterized in that
said oscillating frame (7) supports a focusing head
(4) for the laser beam.

Device according to claim 3, characterized in that
it comprises a focusing head stiffly connected to the
base portion (3) and optical means oscillating inside
the focusing head, so asto oscillate the focused laser
beam (F)..

Device according to claim 3, characterized in that
the laser beam is guided from the laser source to the
accessory device (3) through an optical fiber bundle

®).

Device according to claim 6, characterized in that
the optical fiber bundle (5) is wholly arranged outside
the robot structure.

Device according to claim 6, characterized in that
the optical fiber bundle (5) is at least partly arranged
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inside the robot structure.

Patentanspriiche

1.

Verfahren zum Laserschweif3en einer Konstruktion,
die aus Blechelementen besteht, wobei

- ein mehrachsiger Arbeitsroboter (1) angeord-
net ist, der eine Mehrzahl elektrischer Motoren
umfasst, die die Bewegung von Elementen des
Roboters um die Achsen, zusammen mit einer
programmierbaren elektronischen Steuerein-
heit (2) zum Programmieren der elektrischen
Motoren, um ein Endelement des Roboters in
irgendeine Position zu verschieben, mit ir-
gendeiner Orientierung und auf irgendeiner
Bahn innerhalb eines gegebenen, dreidimensi-
onalen rdumlichen Volumens, steuern,

- an dem Endelement des Arbeitsroboters (1)
eine Hilfsvorrichtung (3) montiert ist, um einen
Laserstrahl, der von einer Laserquelle ausgeht,
zu fokussieren, wobei die Vorrichtung ausgelegt
ist, um den fokussierten Laserstrahl (F) durch
Oszillieren von diesem um eine Oszillationsach-
se (8) zu orientieren,

- der Arbeitsroboter (1) so gesteuert wird, dass
die vorstehend angegebene Hilfsvorrichtung (3)
entlang einer gegebenen Bahn (L) nahe zu, ob-
wohl nicht angrenzend an, verschiedenen Be-
reichen der Konstruktion, die verschweif3t wer-
den soll, verschoben wird,

- die Richtung des fokussierten Laserstrahls (F),
wahrend die vorstehend angegebene Hilfsvor-
richtung (3) entlang der gegebenen Bahn (L)
verschoben wird, mittels der Hilfsvorrichtung (3)
variiert wird, um den Bereich (W) der Konstruk-
tion, die verschweil’t werden soll, die durch den
fokussierten Laserstrahl (B) bestrahlt ist, ent-
lang einer Bahn und/oder unter einer Geschwin-
digkeit, die nicht direkt von der sich verschie-
benden Bahn und der Geschwindigkeit der vor-
stehend angegebenen Hilfsvorrichtung (3) ab-
hangt, zu verschieben,

dadurch gekennzeichnet, dass

- die Hilfsvorrichtung (3) so ausgelegt ist, dass
der fokussierte Laserstrahl (F) durch Oszillieren
von diesem um eine einzelne Oszillationsachse
(8) orientiert wird,

- der Arbeitsroboter (1) so gesteuert wird, dass
die vorstehend angegebene Hilfsvorrichtung (3)
entlang einer gradlinigen Bahn (L) parallel zu
einer Richtung, entlang der eine Anzahl von
SchweilRpunkten (10) erhalten werden soll, und
orthogonal zu der einzelnen Oszillationsachse
(8) verschoben wird,
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10

- die vorstehend angegebene Hilfsvorrichtung
(3) entlang der gradlinigen Bahn unter einer Ge-
schwindigkeit (V) verschoben wird, die hoher als
die Geschwindigkeit ist, unter der jeder
Schweilipunkt (10) erzeugt werden soll,

- die Richtung des fokussierten Strahls (F), wah-
rend der Roboter die Hilfsvorrichtung (3) entlang
der gradlinigen Bahn (L) unter der Geschwin-
digkeit (V) verschiebt, um die einzelne Oszilla-
tionsachse (8) so oszilliert wird, dass sich der
Bereich (W), der durch den Strahl (F) bestrahlt
ist, entlang der Konstruktion, die verschweil3t
werden soll, unter einer Geschwindigkeit (Vyy)
entsprechend zu der Geschwindigkeit, unter der
ein Schweillpunkt erzeugt werden soll, ver-
schiebt,

- sobald ein SchweilRpunkt (10) fertiggestellt
worden ist, sich die Vorrichtung bereits zu einer
Position (B) zwischen dem fertiggestellten
SchweilRpunkt und dem neuen zu erstellenden
Schweillpunkt weiterbewegt hat, und der fokus-
sierte Strahl (F) unmittelbar so oszilliert wird, um
auf das Anfangsende eines neuen
Schweillpunkts, der erstellt werden soll, ge-
bracht zu werden, so dass sich der Bereich der
Konstruktion, der durch den Strahl (F) bestrahlt
wird, unter einer sehr hohen Geschwindigkeit
(Vy) von dem Abschlussende des vorherigen
Schweillpunkts (10AB) zu dem Anfangsende
des neuen Schweil3punkts (10CD), der erstellt
werden soll, verschiebt, wahrend die Vorrich-
tung, die sich unter der hdheren Geschwindig-
keit bewegt, eine Position (C) erreicht hat, die
weiterhin  zwischen dem fertiggestellten
SchweilRpunkt und dem neuen Schweil3punkt,
der zu erstellen ist, liegt.

2. Vorrichtung zum LaserschweilRen einer Konstrukti-
on, die aus Blechelementen besteht, die aufweist:

- einen mehrachsigen Arbeitsroboter (1), der ei-
ne Mehrzahl elektrischer Motoren, die die Be-
wegung der Elemente des Roboters umdie Ach-
sen steuert und mit einer programmierbaren
elektronischen Steuereinheit (2) zum Steuern
der elektrischen Motoren, um zu einem Endele-
ment des Roboters (1) in irgendeiner Position,
mitirgendeiner Orientierung und auf irgendeiner
Bahn innerhalb eines gegebenen, dreidimensi-
onalen raumlichen Volumens zu verschieben,
umfasst,

- wobei auf dem Endelement des Arbeitsrobo-
ters eine Hilfsvorrichtung (3), um einen Laser-
strahl (F), der von einer Laserquelle ausgeht, zu
fokussieren, montiert ist, wobei die Vorrichtung
so ausgelegt ist, dass der fokussierte Laser-
strahl (F) durch Drehen von diesem um eine Os-
zillationsachse (8) orientierbar ist, wobei die
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Hilfsvorrichtung (3) weiterhin Einrichtungen auf-
weist, um die Oszillation zu steuern, die durch
elektronischen Steuereinrichtungen gesteuert
werden,

- wobei die Steuereinheit so programmiert ist,
dass die vorstehend angegebene Hilfsvorrich-
tung (3) entlang einer gegebenen Bahn nahe
zu, obwohl nicht angrenzend an, verschiedene
Bereiche der Konstruktion, die verschweifl3t wer-
den sollen, verschiebbar ist,

- wobei die Robotersteuereinheit und die elek-
tronische Steuereinrichtung, um die Orientie-
rung des fokussierten Laserstrahls (F) zu fiih-
ren, so programmiert sind, dass die Ausrich-
tungsrichtung des fokussierten Strahls (F) vari-
ierbar ist, wahrend die vorstehend angegebene
Hilfsvorrichtung (3) durch den Roboter entlang
der gegebenen Bahn verschoben wird, um den
Bereich (W) der Konstruktion, die verschweif3t
werden soll, die durch den fokussierten Laser-
strahl (B) bestrahltist, mit einer Geschwindigkeit
und/oder einer Bahn, die nicht direkt von der
Verschiebegeschwindigkeit und der Bahn der
Hilfsvorrichtung (3) abhangen, zu verschieben,

dadurch gekennzeichnet, dass

- die Hilfsvorrichtung (3) so ausgelegt ist, dass
der fokussierte Laserstrahl (F) durch Oszillieren
von diesem um eine einzelne Oszillationsachse
(8) orientierbar ist,

- die Robotersteuereinheit so programmiert ist,
dass die vorstehend angegebene Hilfsvorrich-
tung (3) entlang einer gradlinigen Bahn (L) pa-
rallel zu einer Richtung, entlang der eine Anzahl
von Schweilpunkten (10) erhalten werden soll,
und orthogonal zu der einzelnen Oszillations-
achse (8) verschiebbar ist,

- die Robotersteuereinheit so programmiert ist,
dass die vorstehend angegebene Hilfsvorrich-
tung (3) entlang der gradlinigen Bahn unter einer
Geschwindigkeit (V), die hoher als die Ge-
schwindigkeit ist, unter der jeder Schwei3punkt
(10) erzeugt werden soll, verschiebbar ist,

- die elektronischen Steuereinrichtungen so pro-
grammiert sind, dass, wahrend der Roboter die
Hilfsvorrichtung (3) entlang der gradlinigen
Bahn (L) unter der Geschwindigkeit (V) ver-
schiebt, die Richtung des fokussierten Strahls
(F) um die einzelne Oszillationsachse (8) so os-
zilliert wird, dass sich der Bereich (W), der durch
den Strahl (F) bestrahltist, entlang der Konstruk-
tion, die verschweil3t werden soll, unter einer
Geschwindigkeit (Vyy) entsprechend zu der Ge-
schwindigkeit, unter der ein Schweil3punkt er-
zeugt werden soll, verschiebt,

- die elektronischen Steuereinrichtungen so pro-
grammiert sind, dass, wenn einmal ein
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Schweilipunkt (10) fertiggestellt wordenist, sich
die Vorrichtung bereits zu einer Position (B) zwi-
schen dem fertiggestellten SchweilRpunkt und
dem neuen zu erstellenden SchweiRpunkt wei-
terbewegt hat, und der fokussierte Strahl (F) un-
mittelbar so oszilliert wird, um auf das Anfangs-
ende eines neuen Schweillpunkts, der erstellt
werden soll, gebracht zu werden, so dass sich
der Bereich der Konstruktion, der durch den
Strahl (F) bestrahlt ist, unter einer sehr hohen
Geschwindigkeit (V) von dem Abschlussende
des vorherigen Schweil3punkts (10AB) zu dem
Anfangsende des neuen Schweil3punkts
(10CD), der erstellt werden soll, verschiebt,
wahrend die Vorrichtung, die sich unter der ho-
heren Geschwindigkeit bewegt, eine Position
(C) erreicht hat, die weiterhin zwischen dem fer-
tiggestellten SchweilRpunkt und dem neuen
Schweilipunkt, der zu erstellen ist, liegt.

3. Vorrichtung nach Anspruch 2, dadurch gekenn-
zeichnet, dass die Hilfsvorrichtung (3) einen Basi-
sabschnitt (6), der steif miteinem Robotergelenk ver-
bunden ist, und einen Rahmen (7), der in einer os-
zillierenden Art und Weise auf dem Basisbereich (6)
um die eine Oszillationsachse (8) ruht, wobei Moto-
ren zum Steuern der Oszillation vorgesehen sind,
aufweist.

4. Vorrichtung nach Anspruch 3, dadurch gekenn-
zeichnet, dass der oszillierende Rahmen (7) einen
Fokussierkopf (4) fir den Laserstrahl tragt.

5. Vorrichtung nach Anspruch 3, dadurch gekenn-
zeichnet, dass sie einen Fokussierkopf, der steif mit
dem Basisbereich (3) verbunden ist, und optische
Einrichtungen, die innerhalb des fokussierenden
Kopfs oszillieren, um so den fokussierten Laser-
strahl (F) zu oszillieren, aufweist.

6. Vorrichtung nach Anspruch 3, dadurch gekenn-
zeichnet, dass der Laserstrahl von der Laserquelle
zu der Hilfsvorrichtung (3) Uber ein optisches Faser-
blindel (5) gefiihrt ist.

7. Vorrichtung nach Anspruch 6, dadurch gekenn-
zeichnet, dass das optische Faserbiindel (5) insge-
samt aufRerhalb der Roboterstruktur angeordnet ist.

8. Vorrichtung nach Anspruch 6, dadurch gekenn-
zeichnet, dass das optische Faserbiindel (5) zumin-
dest teilweise innerhalb der Roboterstruktur ange-
ordnet ist.

Revendications

1. Procédé pour le soudage au laser d’'une structure
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consistant en éléments de feuilles métalliques, dans
lequel :

soire (3) le long de ladite trajectoire rectiligne (L)
a ladite vitesse (V), la direction du faisceau fo-

- un robot de manipulation a multiples axes (1)

ligne a une vitesse (V) qui est supérieure a la
vitesse a laquelle chaque perle de soudage (10)
doit étre créée,

- tandis que le robot décale le dispositif acces-

calisé (F) estamenée a osciller autour dudit axe
d’oscillation unique (8) de telle sorte que la zone

est agencé, comprenant une pluralit¢ de mo- % (W) illuminée par le faisceau (F) se décale le
teurs électriques contrélant le mouvement des long de la structure & souder & une vitesse (V,,)
éléments du robot autour desdits axes, conjoin- correspondant a la vitesse a laquelle une perle
tement avec une unité de contrdle électronique de soudage doit étre créée,
programmable (2) pour programmer lesdits mo- - une fois que la perle de soudage (10) a été
teurs électriques afin de décaler un élémentter- 10 terminée, le dispositif s’est déja éloigné, vers
minal du robot dans une position quelconque, une position (B), entre la perle de soudage ter-
avec une orientation quelconque et sur une tra- minée et la perle de soudage a créer, et le fais-
jectoire quelconque a l'intérieur d’'un volume ceau focalisé (F) est amené a osciller de manié-
spatial en trois dimensions données, re abrupte de telle maniere a étre amené sur
- sur ledit élément terminal du robot de manipu- 75 I'extrémité initiale d’'une nouvelle perle a réali-
lation (1) est monté un dispositif accessoire (3) ser, de telle sorte que la zone de la structure
pour focaliser un faisceau laser provenantd’une illuminée par le faisceau (F) se décale a une trés
source laser, ledit dispositif étant congu pour grande vitesse (V,) depuis I'extrémité finale de
orienter le faisceau de laser focalisé (F) en la perle précédente (10AB) vers I'extrémité ini-
'amenant a osciller autour d’'un axe d’oscillation 20 tiale de la nouvelle perle (10CD) a réaliser, tan-
(8), dis que ledit dispositif, se décalant a ladite trés
- ledit robot de manipulation (1) est contrélé de grande vitesse, a atteint une position (C) qui est
telle maniére a décaler le dispositif accessoire encore entre la perle de soudage terminée et la
mentionné ci-dessus (3) le long d’'une trajectoire perle de soudage a créer.
donnée (L) proche de, bien que non adjacente 25
a, différentes zones de la structure a souder, 2. Dispositif pour le soudage au laser d’une structure
- tandis que le dispositif accessoire mentionné consistant en éléments de feuilles métalliques,
ci-dessus (3) est décalé le long de ladite trajec- comprenant :
toire donnée (L), la direction du faisceau laser
focalisé (F) est modifiée au moyen dudit dispo- 30 - un robot de manipulation a multiples axes (1)
sitif accessoire (3), afin de décaler la zone (W) comprenant une pluralité de moteurs électri-
de la structure a souder qui est illuminée par le ques contrélant le mouvement des éléments du
faisceau de laser focalisé (B) le long d’une tra- robot autour desdits axes, et une unité de con-
jectoire et/ou a une vitesse ne dépendant pas tréle électronique programmable (2) pour con-
directement de la trajectoire de décalage et de 35 tréler lesdits moteurs électriques afin de décaler
la vitesse du dispositif accessoire mentionné ci- un élément terminal du robot (1) dans une po-
dessus (3), sition quelconque, avec une orientation quel-
conque et sur une trajectoire quelconque a l'in-
caractérisé en ce que : térieur d’'un volume spatial en trois dimensions
40 donné,
- ledit dispositif accessoire (3) est congu pour - dans lequel, sur ledit élément terminal du robot
orienter le faisceau laser focalisé (F) en I'ame- est monté un dispositif accessoire (3) pour fo-
nant a osciller autour d’'un seul axe d’oscillation caliser un faisceau laser (F) provenant d’'une
(8), source laser, ledit dispositif étant congu pour
- ledit robot de manipulation (1) est contrélé de 45 orienter le faisceau de laser focalisé (F) en le
telle maniére a décaler le dispositif accessoire faisant tourner autour d’'un axe d’oscillation (8),
mentionné ci-dessus (3) le long d’'une trajectoire ledit dispositif accessoire (3) comprenant en
rectiligne (L) paralléle a une direction le long de outre des moyens pour contrbler ladite oscilla-
laquelle un certain nombre de perles de souda- tion, qui sont contrélés par les moyens de con-
ge (10) doivent étre obtenues et dans le sens 50 tréle électroniques,
orthogonal par rapport audit axe d’oscillation - dans lequel ladite unité de contréle est pro-
unique (8), grammeée de telle maniéere a décaler le dispositif
- le dispositif accessoire mentionné ci-dessus accessoire mentionné ci-dessus (3) le long
(3) est décalé le long de ladite trajectoire recti- d’une trajectoire donnée proche de, bien que
55

non adjacente 3, différentes zones de la struc-
ture a souder,

- ladite unité de contréle de robot et lesdits
moyens de contrdle électronique pour diriger



15 EP 1 600 244 B2 16

l'orientation du faisceau de laser focalisé (F)
étant programmé de telle maniere a modifier la
direction de pointage du faisceau focalisé (F),
tandis que le dispositif accessoire mentionné ci-
dessus (3) est décalé par le robot le long de
ladite trajectoire donnée, afin de décaler la zone
(W) de la structure a souder qui est illuminée
par le faisceau laser focalisé (B) avec une vites-
se et/ou une trajectoire ne dépendant pas direc-
tement de la vitesse et de la trajectoire de dé-
placement du dispositif accessoire (3),

caractérisé en ce que :

- ledit dispositif accessoire (3) est congu pour
orienter le faisceau laser focalisé (F) en I'ame-
nant a osciller autour d’'un seul axe d’oscillation
8),

- ladite unité de contrdle de robot est program-
mée de telle maniére a décaler le dispositif ac-
cessoire mentionné ci-dessus (3) le long d’'une
trajectoire rectiligne (L) paralléle a une direction
le long de laquelle un certain nombre de perles
de soudage (10) doivent étre obtenues etde ma-
niére orthogonale audit axe d’oscillation unique
8),

- 'unité de contréle de robot est programmeée de
telle maniére a décaler le dispositif accessoire
mentionné ci-dessus (3) le long de ladite trajec-
toire rectiligne a une vitesse (V) qui est supé-
rieure a la vitesse a laquelle chaque perle de
soudage (10) doit étre créée,

- lesdits moyens de contrdle électroniques sont
programmeés de telle sorte que tandis que le ro-
bot décale le dispositif accessoire (3) le long de
ladite trajectoire rectiligne (L) a ladite vitesse (V),
la direction du faisceau focalisé (F) est amenée
a osciller autour dudit axe d’oscillation unique
(8) de telle sorte que la zone (W) illuminée par
le faisceau (F) se décale le long de la structure
a souder a une vitesse (V,,) correspondant a la
vitesse a laquelle une perle de soudure doit étre
créée,

- lesdits moyens de contréle électronique sont
programmeés de telle sorte qu’une fois qu'une
perle de soudage (10) a été terminée, le dispo-
sitif s’est déja éloigné, vers une position (B) en-
tre la perle de soudage terminée et la perle de
soudage a créer, et le faisceau focalisé (F) est
amené a osciller de maniére abrupte de telle
maniére a étre amenée sur I'extrémité initiale
d’une nouvelle perle a créer, de telle sorte que
la zone de la structure illuminée par le faisceau
(F) se décale a une tres grande vitesse (V,)) de-
puis I'extrémité finale de la perle précédente
(10AB) vers I'extrémité initiale de la nouvelle
perle (10CD) a réaliser, tandis que ledit dispo-
sitif, se décalant a ladite trés grande vitesse, a
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atteint une position (C) qui est encore entre la
perle de soudage terminée et la perle de sou-
dage a créer.

Dispositif selon la revendication 2, caractérisé en
ce que ledit dispositif accessoire (3) comprend une
partie de base (6) connectée de maniére rigide a un
poignée de robot, et un chassis (7) reposant d’'une
maniére oscillatoire sur ladite partie de base (6)
autour dudit un axe d’oscillation (8), des moteurs
étant prévus pour contréler ladite oscillation.

Dispositif selon la revendication 3, caractérisé en
ce que ledit chassis d'oscillation (7) supporte une
téte de focalisation (4) pour le faisceau laser.

Dispositif selon la revendication 3, caractérisé en
ce qu’ilcomprend une téte de focalisation connectée
de maniéere rigide a la partie de base (3) et des
moyens optiques oscillant a l'intérieur de la téte de
focalisation, de telle maniére a faire osciller le fais-
ceau de laser focalisé (F).

Dispositif selon la revendication 3, caractérisé en
ce que le faisceau laser est guidé depuis la source
laser vers le dispositif accessoire (3) par le biais d’'un
faisceau de fibres optiques (5).

Dispositif selon la revendication 6, caractérisé en
ce que le faisceau de fibres optiques (5) est totale-
ment agencé a I'extérieur de la structure de robot.

Dispositif selon la revendication 6, caractérisé en
ce que lefaisceau de fibres optiques (5) estau moins
partiellement agencé a l'intérieur de la structure de
robot.
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